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51® Antl-fogging resin film-forming composition. 

O® An anti-fogging resin fllm-forming composition, comprising a block or graft copolymer ^"^ a surfa.^^^^^ 
0>VJlrbl«* and craft copolymers consists of a hydrophilic polymer segment and a hydrophobic polymer 
« gm^t S tg speSaJyTlTed monomer compositions, is disclosed. A coating film formed on majx 
Sjri Vom me Lposiin has a durable excellent anti-fogging property and hav.ng high adhesion to «ie 
matrix surface and high sti-ength. 
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This invention relates to an anti-fogging resin film-forming composition having a high strenQ^h^^^^^^ 
resulting coating film and capable of protecting the surface of various matenals and givmg a permanent 
anti-foaaina Drooerty to the polymer material surface. 

S pSic materials Jasses. transparent ceramics and mirror materials are widely used m vanous 
use fields such as helmet shield, disaslar-preventing mask, swimming goggles. m.rror surface, lens 
sScSes Z for agricultural house, packaging film for foods, window-glass of house, and the like, due to 
SS^^sp^ency and mim:ring property. However, one of the serious drawbacks o^ these v^ous 
SLriS IS that. whS: they are used in a ptece kept to a high f-P^^^^^-^^'^^ 1" sli of mie 
kept to a temperature higher than that of the outdoor air. steam is condensed on the surface of these 
maerials in the form of a fine waterdrop, and hence the surface of ttiese materials 'S '°g9ed. 

In order to solve these drawbacks, various methods have been proposed. One of the methods is 
method (1> wherein a so-called composite film consisting of a polyester film and an anti-fogging film 
fo^^tSieon or an acetyl cellulose film or the like, whose surface has previously been saponjed. .s 
ItuTk foT^ample to a window glass of the building and house, and to a mirror in the bathroom and .n the 
ZX 7^Vp^^e.tf^Z^oo Publication No. 6(M4.147. No. e(M4.148 ^nd Na e(M4.149 and 
SSSle P^ent Laid-open Specification No. 62-54.733). Further, as other methods, methods wherein a fl m 
a^Xging Prope.^ Is formed on the surface of a transparent material. These methods a^ for 
eSle method (2) wheSn a film consisting mainly of a hydrophilic polymer, such as a polymer of 2- 
ydXethyl methacrylate or polyvinyl alcohol, is formed on the surface ^^^^^^''^^'^^^L^^^ 
Patent Laid-open Specification No. 59-217,783 and No. 60-223.885); a method (3). wherein a fHm is fonned 
on the sifaSe of a transparent materia by using a random copolymer consis ng predominantly a 
SJd ophiHc polymer segment and containing a small amount of a hydrophobic polymer segments or a 
SSaJon'of tt,e hydrophilic polymer and a surfactant in order to maintain the film sfrengtt, ag^nst wat r 
(Jaoanese Patent Application Publication No. 52-47.754); a method (4). wherein a film of a mixture 
of a hydrophilic and hydrophobic random copolymer and a surfactant is fomied on a transparent 
^nall.^^ TSese Patent ufd-open Specification No. 56-62.856 and No. 57-98.518). and the l*e 
?Sen L a concrTte embodiment there Is known a method, wherein an anti-foggmg coating composition 
^^ated on Is surface of a polyester film, and then the anti-fogging coating compositon is curedfor a 
shSTme of about 10-180 seconds. As the treating condition in this case, there are known a method (5) 
wSei a mixture of a coating composition, which consists mainly of a hydrophilic polymer, such as a 
Sy2 of 2CZe.hyl methacrylate or polyvinyl alcohol, and an lon-hardenable c-sHnking ^^^^^^^^ 
occLlonally a surfactant, is coated on a polyester film, and the coated polyester "'-"J ^eat t^ated to torn 
an anti-fogging coating film on the polyester film (Japanese Patent Laid-open Specrfuat on No. 59-15 473)^ 
aid a memoS (b). wherein a coating composition consisting mainly of a free-radical reactt^nducmg 
poJfSnctional oligomer having polyethylene oxide chains in its molecule or f^vj^^f ^ J^f^^^^^ 
and containing occasionally a surfactant Is coated on a polyester film, and '^e coated polyeste fi m is 
Eradiated with a radiation or an ultraviolet ray to iom an anO-fogging coating film on the polyester film 
Maoanese Patent Laid-open Specification No. 60-156,731). . . x- ■ 

Towever r above described conventional methods have the foltowing drawbacks, in ttie conventon^ 
method (1). the resulting hydrophilic cellulose film is poor in water resistance, heat resistance and bnttle 
S«^<S and wrinkles and buEbles are apt to be formed in the interface between the laminated .^lyose 
7m and polyester film, and hence the laminate can not be practically used The convenbonal mett^od (2 
can fom, a somewhat satisfactory anti-fogging coating film, but the coating fi m is apt to be cracked and 
poor in the strength, and moreover is poor in the adhesion to the surface of a '^f''^^^be coa^^ a^djs 
easily peeled off from the matrix. In the conventional method (3), although the coating film has satisfactonly 
improved strength and adhesion, the coating film is poor in the ant-fogging P"'f ^y. the 'mprovement of 
TcS property's an important object of the present invention. In the conventional method (4). a though the 
coating film has initially a high anti-fogging property, but the anti-fogging P^P^^V 
of time, and moreover the use of the coating composition containing a r?""* ^^^l^Sr-S^ 
in a coating film having low strength and adhesion, and therefore the method 4) is not stdl The 
conventioi«l method (5) has a drawback that a coating film concurrently having high anti-foggmg property 
S3 mrn strength can not be obtained due to the reason that the anti-fogging treatment of polyester fjm 
must be carried out in a short curing time. That Is. the lower are the concentratton of cro^.^'^n'^f 
functional group in the hydrophilic polymer and the concentration of the crosslinWng agent, the higher tiie 
anti-fogging performance of the resulting coating film is. However, in this case, the resulting coating film has 
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to the film surface due to mS" conventional method (6) has a drawback that although the cunng 
property of the coatrng js iow. J'^^sj=°"^^^^ ^\;^ reason that the radical curing reaction 
Ta ar^d^ ^:^:;rLX:Sri" a very high crosslink den^ty and is poor in 

fSSsTSZ, a satisfactory anthfogging method for various transparent materi^s has not yet 
an excellent coating property. jaoanese Patent Application No. 58-74.959. a block copolymer 

U...^" a ««K c'po,,™. »h,ch consist o. a h,.,.p«.ic "-yT-^r,"^ " '^^^ 

Ski 1 hydrophobic mohoms. copolymahiablo »» Ihe monom.- of Sroup A. «a «oflM MotflM 
SSoWnio poly"»' "smart lo Ihe hydrophobic polyiher aas^ant b.,no «»m Iho rang, ol SOSMSS. 

said general formula (1) being 

wh^iein ^'anT£?epresent hydrogen atoms or methyl groups: and R, represents hydrogen ^om. memyl 
gX Xl group, n-propyl group, isopropyl group. N.N^imethylaminopropyl group or -CiCH.y 
2CH2COCH3, and said general formula (II) being 
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wherein R, repreTents hydrogen atom or methyl group; and A represents -(CH^V (wherein n is a positive 
inteqer of 4 or 5) or -(CH2)2-0-(CH2)2-. ^ , .^ -t .^^m ^* 

Further, the inventors have found that when an anti-fogging resin fiim-forming composition is formed of 
a mixture of a blocic or graft copolymer, which consists of a hydrophilic polymer segment and a 
hydrophobic polymer segment and has a self-aosslinking property, with a surfactant, a coating fi m formed 
?rom T SLg compLition has concurrently high anti-fogging property and ^^^^^^^^ 
coating film having both the excellent properties can be formed on a polyester film from the coalmg 
composition in a short curing lime. . , 

That is the third aspect of the present invention lies in an anti-fogging resin film-forming composition, 
comprising' a block or graft copolymer and a surfactant, which block or graft """^'y-^^^^ ""f'J^ °' ^ 
hydrophilic polymer segment fomied of 6-25% by weight of a monomer of giyadyl (meth)acrylate or N- 
SlacryUlde. 43-90% by weight of hydroxyalkyl (meth)acrylate. and 4-32% by wejht of a monomer 
Sed from the group consLng of acrylamide. N-monomethylacrylamide. N.^«.metf|ylaJyla,n.de. N- 
acryloylmorpholine and N-vinylpyrrolidone. and a hydrophobic polymer segment formed of 50-85% by 
weight of lower alkyi (meth)acrylate and 15-50% by weight of (meth)acrylic acid. 

Firstly, an explanation will be made with respect to the block copolymer and the graft copolymer each 
consisting of a hydrophilic polymer segment and a hydrophobfc polymer segment to be used In the anti- 
fogging resin film-forming composition of the first aspect of the present invention. 

As the vinyl monomer for forming a hydrophilic polymer segment which constitutes one of the 
molecular chains of the block copolymer or the graft copolymer to be used in the first aspect of the present 
invention, there can be used, for example, radically polymerirable unsaturated carboxylic aods. such as 
(meth)acrylic ackJ. itaconic add. crotonic ackJ and the like, and their alkali metal salts, ammonium salts and 
organic amine salts: radically polymerizable unsaturated monomers having a sulfonic groupjuch ^ 
styrenesulfonic acid, sulfopropyl (meth)acrylate. sulfopropyl itaconate and the lite, and thej alka metel 
satts. ammonium salts and organic amine salts; quatemary ammonium salts derived from (meth^ry lie ^d. 
such as methacrytoyloxyethyltrimethylammonium chloride. 2-hydroxy-3^nethacryloyloxypropyltnmethylam- 
monium chloride and the Hke: methacrylic add esters of alcohol having a tertiary amino group, such ^ 
melhacrylic acid diethyl amino ester and the like, and their quaternary ammonium sate: radically poly- 
merizable unsaturated monomers having an amide group, such as (meth)acrylamide. dimethylacrylamtde 
and the lite: quatemary ammonium salts derived from an amido-amine obtained from methacrylic acid and 
diamine- hydroxy esters of (meth)acrylic acid, such as hydroxyethyl (meth)acrylate. hydroxypropyl (meth)- 
ac^ate 3<hlo^-2-hydroxypropyl (meth)acrylate and the Kte; polyethylene glycol esters or PolyP-^Py^e 
glycol esters of (meth)acryiic acid, such as diethylene glycol (meth)acrylate. tnethytene gycd (meth^ 
airlate, dipropylene glycol (meth)acrylate and the like; polyhydric akxjhol esters of (meth)acrylic acid, such 
as (meth)aoyOc acW monoglycerlde and the lite; phosphoric acid salts of (meth)acrylic acid, such as mono- 
{2.hydro)Jett.yl acrylate) add phosphate and the Ute; betaine-type radically polymerizable unsaturated 
monomers, such as N.(3-sulfopropyl)-N-methacryloyloxyethyl-N.N-dimethylammonium betaine. N-(3-sul- 
fopropyl)-N.methacryloylamldopropyl-N.N-dimethylammonium betaine. 1-<3.sulfopropyl)-2-vinylpyndinium 
betaine and the lite; vinylpyridine and Its salts; vinylpyrrolidone and the Hte. These vinyl monomers can be 
used In combinafion with other vinyl monomers, the amount of which is such that the latter vmyl monomer 
does not deteriorate the hydrophilic property of the resulting hydrophilic polymer. 

The vinyl monomer, which forms a hydrophobic polymer segment consttuting the other molecular cha^n 
of the block copolymer or the graft copolymer to be used in the first aspect of the present invention, should 
be property selected from the viewpoint of the strength and adhesion of the coating film to be formed on an 
object transparent matrix. Particulariy. when the transparent matrix is a polymer material, the vinyl monomer 
should be selected by taking into consideration the compatibility of the vinyl monomer with the base resin 
of the polymer material to be coated. These vinyl monomers include, for example, (meth)acrylates. such as 
methyl (meth)aorylate. ethyl (meth)acrylata. n-propyl (meth)acrylate. isopropyl (meth)acrylate. glyddyl 
50 (meth)acrylate. n-butyl {meth)8crylata. isobutyl (meth)acrylate. tert.-butyl (meth)acrylate. hexyl (meth)- 
acrylate. 2-ethylhexyl (meth)acrylate. octyl (meth)acrylate, lauryl (meth)acrylate. stearyl (meth)acrylate and 
the like: aromatic vinyl monomers. 8ud» as styrene. vinyltoluene. a-methylstyrene and the ^keijinyi 
carboxylates. sudi as vinyl formate, vinyl acetate, vinyl propionate, vinyl stearate and the Bte: butadiene; 
vinyl chloride; vinylidene chloride; {meth)acrylonitrile: (meth)allyl glyddyl ethen and the like. 
55 The blod< copolymer and the graft copolymer, each consisting of a hydrophilic polymer segment and a 
hydrophobic pdymer segment of the present invention can be produced by various conventional poly- 
merization processes, for example, by the free-radical polymerizaUon process, the catlonlc ring-opening 
polymerization process, anionic living polymerization process, and cationic living polymenzation process. 
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^TZt'^zldZ Z presence of a radically copolymerizable 3^o"P<°"'^"'"VT^i cteaL 

L coaang film I, po., in M adl»sl», 'T*^ NoSlSX^ 

seamant cannot be used satisfactorily for the pracecal purpose. 

Hl^ei^r^exoianation v^ill t» made with respect to the second aspect of the present invention. 

S rSconTi^roTrprL^^ invention, an anti-fogging resin f.im-forn,ing compositioh .s formed 
Of ^^ Zi^To^^-9^i a hydrophiiic polymer segment and a hydrophobic Pjj^ -9^- 
Lh rntainina a soecificaliy limited crosslinkable functional group, in combination with a surfactent 
rere^a Sg rSal^^^ adhesion to the surface of a matrix even under an environment, wh.ch 
^liV^Xo^ ln I c^ng fllm. and further having high strength and antt-fogging property .s 
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^fe block copolymer to be used in the second aspect of the present invention consists of a hydrophilK: 
oolvmer sSLTaJa hy^^^^^^^ polymer segment, which hydrophiiic polymer segment is formed of 1- 
2S of at S one of N-substituted or non-substituted {meth)acrylamide-type compou ^ 
ep^BsenteTby the following genera. fom,ula (I) or (II). 1-20% by w«ght of at le^ one monomer ^^ct^ 
rom the group (referred to as Group A) consisting of monomers having ^^'^'f^'^^'^^^^^^XZ^^ 
any or^e of glycdol group. N-methylol group. N-methylolether group, carboxyl group and ^^^^ 
Z 798% by weight of at least one of hydrophiiic monomers copolymenzable with the above described 
?etLXid^^?e compound and the monomer of the above described group A. and which hydrophc. 
rpoC^Cment is forced of 1-40% by weight of at least one monomer selected ^-^^^^ "^^^^^ 
o Grolo A and 60-99% by weight of at least one hydrophobic monomer copolymenzable with the 
ISmer of SupTthe weight ratio of the hydrophiiic polymer segment to the hydrophobic polymer 
segment being within the range of 50/50-95«. said general formula (I) being 
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wherein fl"' represent hydrogen atoms or methyl groups; and R, represents hydrogen atom "«thyl 
rrourXrgroup.^-p«.pyl g^^ feopropyl group. N.N^imethylaminopropyl group or •C(CHa)- 



group, ethyl group. . _ ^ 
2CH2COCH3. and^said general formula (II) being 
CH2 = CRiCONA 



Sii, B, l.y<lwn atom » m«h,l g»cp; and A ™p™«l. -(OftV n is « po*. 

SSSmlTacrylami^ |sKmeth)acryloylpyrrolidine. N^meth)acryloylp.pend.ne. N-(meth)- 

""tf n^^'S tat^monomer units of the above descrit«d (meth)acrylamide.type compound are 
ocnteined TtSeTydroph c polymer segment in an amount of within the range of 1-40% by weight When 
^nomUs iLs 1 by weight the resulting coating film is poor in the durability and in flie adhes|on 
afferThen:ial ir^^ -"^ tSe fllm. and when the amount is more than 40% by weight, .he resu«.ng 

"l^rmTomi^Terpt which has a crosslintebie functional group, there can be used glyddy. 
(me^^S^ N^^ethy^^^^^^ N-methoxymethyiol(meth)acrylamlde. N-butoxymethyloKm^h 

iTrXdMrnethScryJc add. iotSnic acid. Itaconic acid, itaconic add half ester. male.c acd. male.c acd 
half ester itaconic anhydride, maleic anhydride and the like. 

inHJSSa^ that the monomer units of the above descried monomer of Group A are contained m the 
hyd oihi "o'^er^ s^^^^^ In an amount of 1-20-% by weight When the amount of ^'^^ 

™«„n««r «f erouD A is less than 1% by weight, the resulting coafcng film is unsahsfactory in the 
^enT^d ^ u^^^^^ un«s of the monomer of Group A is more than 20%by 

tSt'^Tr^-^g ccm, fllm has an extremely high degree of crossllnklng and is poor m the ant- 

*"'I;'reKophilic monomer, which is copolymerizable v^ith the above ^^^^^l^"^^^ 
tvo/comoound and the above described monomer of Group A having a crosslmkable functonal group. 
TeST^e SvSStegeLTused monomers, which does not at all cause or does not substantally cause a 
aossSng rSSon 1 L functional group in the monomer of Group A. These n^ono^^j;'"^^ 
SdfcXSymSable unsaturated carboxylic acids. 8udi as (meth)acrylic acid, itecoruc '^'^J^'^^^^ 
^ te \Z and their alk^i metal s^t ammonium salt and organic amine ^ 
unsaft^rated monomers having a sulfonic acid group, such as styrene sulfonic acid, sulfop opyl metf.)- 
a^tte andT Z and Lr alkali metal salt ammonium salt and organic amine salt; quaternanr 

rriu^Tdited from (meth)acry«c acid, such ^ -^^^^^^^^^^^^^^^ 
2.hvdroxv-3-methacryloyloxypropyltrimethyiammonium chlonde and the like, hydroxy esters ot imein, 

Lrjra^d such a^h clrSetS 1 (meth)acrylate. hydroxypropyl ^^'^^J^ 
?me1h)acrylate and the like; polyethylene glycol esters or polypropylene glycol esters 0 ("'e"^^^^' = ^"^ 
suclTS diethylene glycol (meth)acrylate. triethylene glycol (meth)acrylate. dipropylene Q ycol (mett,)- 
rcrvlaJanne likerpolyhydric alcohol esters of {meth)acryllc acid, such as (meth)aavlic acid mon- 
ooSde anTthV ikV^ acid salts of (meth)acrylic acid, sudi as mono(2-hydroxyethyl 

mSLTacid phosphate L the like; beUine-type radical^ polymerizable unsaturated mononvars. 

vinylpyridinium betaine and the like; vinyipyridine and its salts; vlnylpyrrolidone; and the like. . 

Ts necessary that the hydrophilic polymer segment of the blodc ^^^J^^^^"^ '"^.^^^ 
aspect of the present invention contains 40-98% by weight of monomer units of at least one 0' ^roph^^ 
mourners which are copolymerizable with the above described (meth)acrylam.de-type monomer and the 

^TiSs^ns'aSXlTCobicpolym^^ 

the bli copolymer of the second aspect of the present Invention, is formed 0 .^^^f^^^^^^ 
monomer of Group A and 60^9% by weight of a hydrophobic monomer copolymenzable with the monomer 

' "'1;?"^^ case. It is proferable that a monomer which has a high reactivity with the fundlonal group 
introduced into the hydrophlBc polymer segment is selected from the monomers of f^^-P^""^^^^ 
when a glyddyl group is contained In the hydrophiBc polymer segment, carboxylic acid group or add 
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55 



anhydride is pretarab^ introduced into the hydrcphobic 

(meWKaylales. sudi «! methyl (in«i)W>». "™ ' i-i*uwl Imslhjacrylalt. 2-slhymexyl 
hydtophoWc polymei SMmen 18 me isnje of S™^- J"°i„|^ „ J, resuunj coaling «lm to 

c^. ^ tho 0*8 T"TZ1^S^-C a JdTSSSylete » «l.».t=9.-»l, teed. Title 

hydroxyethyl (meth)acrylate is preferably used. 



7 



EP 0 339 909 A2 



This hydroxyalkyi {meth)acrylate is used In an amount of 43-90% by weight based on the total amount 
of a monomer mixture for forming the hydrophilic polymer segment ^ mnn„m«thvlacr«lamide NN- 

As the monomer selected from the group consisting of acrylam.de. N-monomethy^acrylarnidejN^ 
dimeSyS^lamide. N-acryloylmorpholine and N-vinyipyrrolidone. there are P'^^.^^'V 
oSSamlde N.^Wimethylacrylamlde and N-acryloylmorpholine. This monomer used m an a,n^^^^^^ 
ofTsaTby weight based on the total amount of a monomer mixture for fomimg the hydrophiLc polymer 

''Texplanation will be made with respect to the monomers constituting the hydrophobic polymer 
sBoment of the block or graft copolymer to be used in the third aspect of the present invention, 
^riie to^er alkyl (meth)aSlat9. there can be used methyl (n'e'h)ac^lff -/^ ''"''T^iZ 
prop^ meth)acrylate^ isopropyl (meth)acrylate. n-butyl (meth)acrylate. "^"j^^fj^'^*^^^^^^ 
(meth)acrylate and the like. Among them, methyl (meth)acrylate Is preferably ^l^'* J^* f ^^"^^^^^^ 
aviate te used in an amount of 50-85% by weight based on the total amount of a monomer m«ture for 

'''ISSctldl: STrrol Of 15.50% by weight based on the tota. amount of a monomer 

^Te'^rrtrrnU^^^^^^ w^ch are used ^ the ~f .^^^^^^^^ 

polymer segment or for the formation of the hydrophobic polymer segment, should^be detemimed ftorn 
S the S-fogging property and the strength of the coating film to be fomied on the maWces as 
ZeSr film and the Bke. and when the amount ratios of the monomers are outs.de the above descnbed 
J ^ti^ film havi;g both the excellent anti-fogging property and high strength ^^n not be ob^ned. 

Since the block or graft copolymer to be used in the third aspect of the present inventon h^ a self- 
cn:sslinwng propeV^^ preferable to select monomers such that the functional group to be .Jroduoed 
r thiZroptobTc PolynTer segment has a high reactivity with the f""^""^. ^ '"^^^if '"f "1^^ 
h droThiirpolymer »9ment For example, when glycidyl group is contained in 
segment. It is preferable to introduce carboxyllc acid group or sutonic aod group '"^ the M^phob^c 
DoLer segment Reversely, when carboxyllc add group or suHonic acid group is contsuned in the 
Sdtp hllicTrm^^^ segment it is preferable to introduce glycidyl group into the hy^^op "b'^^^^^^^^^^ 
Sgrnent Further, when a functional group, such as N-methytol group or the l.ke, havng a h.gh se«- 
SSdng property is contained in L hydrophilic polymer segment. N-methy group, oarboxylio aad 
group or sulfonic add group may be contained in the hydrophobk: polymer segmerrt. . „ . .... 

in the above obtained block copolymer or. graft copolymer, the molecular w^g!J;^f^^^^^^ 
polyirier -^^rnent and the hydrophobic polymer segment °an be freely, ;^diusled.,Furth?|^,^^ 
aSer^y be either a graft copolymer, wherein the baddjone is fomied of a hydroph.l.c pdymer 
SS^rLTl superstrate Ts fom«d of a hydrophobic polymer segment, or ^^f '^^^'^'^^'^^ 
^backbone is fonned of a hydrophobic polymer segment and the superstrate is formed o a hydrop^hc 
X?7egment Moreover, in the present invention, a combination use of the block copolymer and the 
gTcopoS' L attain ttie same effect as that attained by the use of the blod< copolymer or the graft 

"^S^e S"copolymer or graft copolymer to be used in the third aspect P^^«"* '^"J"^^^^^^ 
weiQht ratio of hydiophilic polymer segmentmydrophobic polymer segment .s preferably with n the range o 
vS . more preferably w^n the range of 1/5-5/1. When the amount of the r"P^'»«=J^rLZTe 
is less than 10% by weight the resulting coating film is poor in the anti-fogging property and further the 
SjTcopolymer is poor in the compatibility with surfactant and there is a risk that 
sepLed out from tt,e resulting coating film and the durability of the coat.ng film |s d«tenorated. WhHa 
when the amount of the hydrophobic polymer segment is less than 10% ^^'"'^^^^ ^^^1 
resulting coating film is poor in the adhesion to the matrix surface to be modified, and further tt» rMul«ng 
Sng film Is it to be poor In the water resistance and mechanical strength. Therefore, a block copolymer 
Sd g?aft copol^er containing less than 10% by weight of hydrophilic polymer segment or hydrophobic 
Dolvmer segment can not be practically used. 

in the present invention, there can be used at least one surfactant selected from ord-nanly used 
surfactants, that is. nonlonic surfactant anionic surfactant, cationic surfactant and °f "'^^^urfactant 
Particulariy. nonlonic surfactant and anionic surfactant are preferably used .n vew of the durabj^Jr of tt« 
effea Fuilier. a combinatton system of nonlonic surfactant and anionic surfactent s more Preferably used 

As the nonlonic surfactent there can be used, for example, polyoxyethylene h.gher alcohol ethers, such 
as polyoxyethylene stearyl ether, polyoxyethylene lauryl ether, polyoxyethylene oleyl ether and the like: 
polyo^eSylene alkylaryl ethers, such as polyoxyethyleneoctylphenol. P^^y^^y^^^'^'^^^^^^Zl 
?ke ^lyoxyethylene acyl esters, sud, as polyethylene glycol monostearate and the like: polypropylene 
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preferably used based on 100 parts by ^ ^ ^ ^tain a coaling film having a high 

in ^JJltSln the surfactant can be mixed with the block copolymer or graft copolymer in the 

mmmmmm 

mmmmm 

SSSi * by reacting inmrners ol hoxanMhyW. diisoeyana, v»»us "^Tl"^ 
at least d ca™°^V9'" ' . , ^ased on the amount of the block copolymer or graft 

x:^^^^^^^^^'^^ ^^^'^ ^"^'"^ °' 

FulTrSfogging resin fiim-forming composition can be occaslortally mixed w«h comnjor^y 
known vaJous additives: such as ultraviolet absorbing agent, leveling agent, varwus cunng catalysts. 
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'""^r«^ anti-fogging resin film- forming composition of the present inve-^io"//; J 

, Tnot cle^ bS is probably as follows. When a block copolymer or graft copolymer is 

mptes and reference examples. In the examples, pans ana aro uy y 



examples 
indicated. 



30 Reference example 1 

(Production of a hydrophillc and hydrophobic block copolymer) 

(1-1) Production of a peroxy bond-containing polymer: 

Into a reactor equipped with a themiometer. a stirrer and a reflux cooler was charged 90 parts of methyl 
centre, ard wh^in^^^^^ nitrogen gas Into the reactor and heating the reacton system at 70 C. a 
40 mixed solution (I) consisting of 

methyl cellosolve ' 3° P^^^s 

2-hydroxyethyl methacrylate s 30 parts 
and 

0 0 ° I 

-tC(CH2)4CO(C2H40)3C(CH2)4COO^ 6 P^rtS 



45 



50 



55 



was charoed into the reactor in 2 hours, and further a polymerization reaction was effected for 2 houre. The 
re^uC solurn was a transparent .solution containing 23.1% of a peroxy bond^ontaimng polymer and 
having a viscosity of 1.8 poises at 25 C. 



10 



EP 0 339 909 A2 



(1-2) Production of a block copolymer: - 
In a reactor equipped with a thermometer, a stirrer and a reflux cooler, a rnixed ^°"f 

.oo';:r:^; t^e^ ^r^rrL^x^e:^^^ ^^^^ ~ 

cZning 42.8% of a block copolymer arKl having a viscosity of 5^ pases at 25 C. 

to Reference example 2 

(Production of a hydrophilic and hydrophobic block copolymer) 
" (2-1) Production of a peroxy bond-containing polymer 

20 mixed solutton (111) consisting of 

methyl cellosolve = ^0 parts 

2-hydroxyethyl methacrylate 55 parts 

N-methylolacrylamide ' ^ parts 

and 

30 0 0 

-fC(CH2)5CH(CE2)6COCHio ' ^ P"*"^ 

CH2CH3 

was charged into the reactor in 3 hours, and further a polymerization reaction was effected for 3 Ijours The 
Te^iC s^rn was a transparent solution containing 31.5«>. of a peroxy bond-conta-mng polymer and 
having a viscosity of 7.5 poises at 25 C. 

(2-2) Production of a block copolymer: 

in a reactor equipped with a them.ometer. a stirrer and a reflux cooler, a mixed 
of iSo pS^fTe SJyl cellosolve solution of peroxy bond-containing polymer obta>^ J^^l 
descLdttep 2 l! 8 pLts of methyl methacrylate and 1 part of acrylic add w«. heated at 70 C for6 
J™.«^rdSer i80'C for 2 houre while introducing nitrogen gas Into the reactor, to effected a block 
Sy^rizaS; rfaL a^d to obt^n a transparent solution containing 40.3., of a block copolymer and 
having a viscosity of 7.3 poises at 25 C. 



35 



40 



45 



Reference example 3 
55 (Production of a hydrophilic and hydrophobic graft copolynner 



(3-1) Production of a peroxy bond-containing polymer: 

11 



EP 0 339 909 A2 



10 



f5 



(3-2) Production of a graft copolymer: 

Into a reactor equipped with a thermometer, a stirrer and a reflux cooler was charged 100 parts of the 

110* C, a mixed solution (VI) consisting of 



25 





methyl methacrylate : 


8 parts 


20 


methacrylic acid : 


2 parts 




and 






methyl cellosolve : 


50 parts 



was charged into the reactor in 2 hours, and further a graft polymerization reaction was effected 'o-- J J^urs 
^?e reXTotln was.a transparent solution containing 31% of a graft copolymer and having a 
viscosity of 3.5 poises at 25* C. 



30 Reference example 4 



3S 



40 



45 



50 



55 



(Production of a hydrophlllc and hydrophobic graft copolymer) 

(4-1) Production of a peroxy bond-containing polymer: 

Into a reactor equipped with a themiometer. a stirrer and a reflux cooler were charged 90 parts of 
isoprSano S^^^ water, and while introducing nKrogen gas into the reactor anci heatjg 

eaS^^^^^^ at 80 * C. a mixed solution (Vli). which had previously been prepared d|SSo'v^^^^^^ 

Teaction was effected for 7 hours. The resulting solution was a transplant soluton contamng 19% of a 
peroxy bond-containing polymer and having a viscosity of 1 .5 poises at 25 c. 

(4-2) Production of a graft copolymen 

In a reactor equipped with a thermometer, a stirrer and a reflux cooler, a mixed solution (^^'i; ""sJJ"^ 
of 100 p^f the iSopropanoi/water solution containing the peroxy bond-containmg Pp'yn^er and obtained 
in the £ desSbed Step 4-1 and 10 parts of biityi methacrylate was heated at 110 C for 7 hours under 
pr unintrodudng'nitrogen gas into the reactor, to eff^ a graft POlV^zaton « J^e 
resulting solution was a white translucent solution containing 26% of a graft copolymer and having a 
viscosity of 1.3 poises at 25* C. 
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R eference example 5 r 
(Production of a hydrophillc and hydrophobic block copolymer) 

5 

(5-1) Production of a peroxy bond-containing polymer: 

Into a reactor equipped with a thermometer, a stirrer and a reflux cooler was charged 90 parts of N.N- 
,0 dimetliyiformamide.yd while Introducing nitrogen gas into the reactor and heating the reaction system at 
70* C. a mixed solution (IX) consisting of 

N,N-dimethylformaniide * 30 parts 

styrene 3° P^^^^s 
and 

0 0 0 0 

— eC(CH2)4C0(CH2)20C(CH2)4COOij5 : 6 Parts 



20 



was charged into tfie reactor in 2 hours, and further a polymerization reaction ^ hou^ The 

resulting solution was a transparent solution containing 23.1% of a peroxy bond^ont^ning polymer and 
having a viscosity of 2.3 poises at 25* C. 



30 



35 



(5-2) Production of a blocl< copolymer: 

In a reactor equipped with a thermometer, a stin-er and a reflux cooler, a mixed solution (X) consisting 
of 200 parts of the N.N-dimethylfomiamide solution containing the peroxy bond^ontamm^ ^^Sl? 
obuL in tiie above described Step 5-1. 100 parts of dimetiiylformamide and 30 part^ °^'°i7nS 
methacrylamide-2-metiiylpropanesulfonate was heated at 70" C for 8 hours while ^'^^^d"^';^^^^ 
Into the reactor, to effect a block polymerization reaction. The resulting solution was a white translucent 
solution containing 23% of a block copolymer and having a viscosity of 0.3 poise at 25 C. 



40 



Rieference example 6 



45 



(Production of a hydrophillc and hydrophobic random copolymer) 

into a reactor equipped witii a tiiermometer. a stirrer and a reflux cooler was charged 80 parts of methyl 
cellosolve. and while introducing nitrogen gas into the reactor and heating ttie reaction system at 70 C. a 
mixed solution consisting of 



50 



55 



methyl cellosolve : 


20 parts 


2-hydroxylethyl metiiacrylate : 


15 parts 


methyl metiiacrylate : 


17 parts 


N-metiiylolacrylamide : 


3 parts 


and 




azoisobutyronitrile : 


3 parts 



was charged into the reactor in 2 hours, and further a copolymerization reacticn was effected for 8 hours. 
The resulting solution was a transparent solution containing 29.5% of a random copolymer and having a 
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viscosity of 3.0 poises at 25* C. 



70 



Examples 1-7 and Comparative examples 1;3 

that used in Examples 5 and 6 is a transparent film. 

^Se tei resute of the above obtained coating films are shown in the following Table 2. 



T5 



20 



25 



30 



35 



40 



45 



50 



55 
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Examples 8-17 

' An anti-fogging resin film-forming compositions shown in Table 1 was applied on the surface of a matrix 
shown in TabTe 3 such that the composition would be fom^ed into a coating film having a thictaiess of 5 urn 
irdried. and was heated and dried under a condition shown in Table 3. The lest results of the resulting 
coating films are shown In Table 3. 
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Reference examples 7-21 



10 



16 



20 



25 



30 



(Production of block copolymers) 

Into a reactor equipped with a thermometer, a stirrer and a reflux cooler was charged 100 parts of 
metM cellir^ and while introducing nitrogen gas into the reactor and heating the reacdon system at 
70* C. a mixed solution consisting of 



methyl cellosolve : 


90 


parts 


a (meth)acrylamide-type compound : 


S 


parts 
parts 


a monomer selected from Group A : 


T 


a hydrophilic monomer : 


U 


parts 


and 


12 


parts 


{CO(CH2HCOO(C2H40)3CO{CH2)4COOO}io : 



was charged into the reactor ir, 2 hours, and further a polymerization reaction was effected for 2 hours. 
Then, a mixed solution consisting of 



methyl cellosolve : 


60 parts 


a monomer selected from Group A : 


V parts 


and 


W parts 


a hydrophobic monomer : 



was Charged into the reactor in 30 minutes, and further a polymerization reason f^f^^jK^J^' 
to^rs ^he numerical values of the above descriiped parts of S-W. and the results of polymerization 
reactions are shown in Tables 4 and 5. 



35 Reference examples 22-24 



40 



45 



50 



{Production of random copolymers) 

into a reactor equipped with a themiometer. a stirrer and a reflux cooler was charged 150 p^ of 
metiw <illosot e' Z while Introducing nitrogen gas into the reactor and heating the reaction system at 
70" C. a mixed solution consisting of 



methyl cellosolve : 

a (meth)acrylamide-type compound : 

a monomer selected from Group A : 

a hydrophilic monomer : 

a monomer selected from group A : 

a hydrophobic monomer : 

and 

CH3C(CH3)20OCOC(CH3)3 : 



100 parts 
S parts 
T parts 
U parts 
V parts 
W parts 

3 parts 



was charaed into the reactor In 2 hours, and further a copolymerization reaction was effected for 5 hours. 
?he fumS^^^^^^^ oMhe above described parts of S-W. and the results of the polymerization reasons 
are shown in Table 5. 
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Table 4 



5 



15 



20 



25 



Reference 
exampie 


7 


8 


9 


10 


11 


12 


13 


14 


15 


S 


v) 


20 


14 




1 "t 


20 










(2) 












18 


12 


18 


12 


(3) 




















T 


(4) 


2 


6 


Q 
O 




A 
f 




5 




6 


(5) 








o 
o 












U 


(6) 


28 


50 


77 


48 


12 


36 


62 


34 


52 


(7) 


• 


- 


• 


■ 


14 








10 


V 


(8) 


1 


3 


4 




o 


o 


0 




3 


(5) 








8 








8 




w 


(9) 


49 


27 


6 


22 


25 


37 


17 


32 


15 


(10) 










23 








2 


Solid ( 


jontent 


30 


30 


30 


30 


30 


30 


30 


30 


30 


Viscosity " 


4 


4 


5 


4 


4 


4 


5 


4 


5 



Tables 



30 



35 



40 



45 



50 



Reference 
example 


16 


17 


18 


19 


20 


21 


22 


23 


24 


S 


(1) 






6 






14 


14 






(2) 
















18 




(3) 


28 


10 




3 










10 


T 


(4) 


6 


8 


4 




6 




6 


6 


8 


(5) 








3 












U 


(6) 


36 


60 


20 


9 


59 


56 


50 


36 


60 


(7) 




12 






5 








12 


V 


(8) 


3 


4 


2 




3 




3 


3 


4 


(5) 








3 












w 


(9) 


27 


6 


55 


82 


27 


30 


27 


37 


6 


(10) 






13 














Solid < 
« 


content 


30 


30 


30 


30 


30 


30 


28 


,28 


28 


Viscosity * 


4 


5 


4 


3 


4 


5 


4 


4 


5 



The marks used in the above described Tables 4 and 5 have the following meanings. 

(1) : N.N-dimethylacrylamide 

(2) : N.N-dimethylaminopropylmethacrylamlde 

(3) : acryloylmorphollne 
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(4) : glycidyl methacrylate 

(5) : N-methylolacrylamide 

(6) : 2-hydroxyethyl methacrylate 

(7) : mono(2-hydroxyethyl methacrylate)acld phosphate 

(8) : acrylic acid 

(9) : methyl methacrylate 

(10) : Isobutyl methacrylate 

' : solid content (% by weight) 
viscosity (P)at25*C 



10 



Examples 18-28 and Comparative examples 4-12 

Each of ail the polymers produced in Reference examples 7-24 was diluted with methyl cellosolve such 
75 that the resulting methyl cellosolve solution contained 20% by weight of the solid of the polymer, and then 
the methyl cellosolve solution was mixed with a surfactant shown in Tables 6 and 7 to produce an ant- 
fogging coating composition. Then, the composition was applied on a matrix by means of a bar coater such 
that the composition would be formed into a film having a thickness of 5 urn after dried, and the coated 
composition was heated and dried under a condition shown in Tables 6 and 7. Various tests shown m 
20 Tables 8-1 1 of the coated matrix were effected. 



Table 6 



25 


cxampio 


Polvmer (oarts) 


Surfactant 
(parts) 


Matrix 


Curing 
condition 




Example 18 


Reference example 7, 


(a) 2.0 


PC 


(1) 






100 


(c) 3.0 






30 


Example 19 


Reference example 8, 


(b) 0.5 


PC 


(1) 






100 


(e) 0.3 








Example 20 


Reference example 9. 100 . 


(c) 0.3 


PC 


(1) 


35 


Example 21 


Reference example 10. 


(b) 0.5 


AC 


(2) 




100 


(d) 0.3 








Example 22 


Reference example 11, 


(C) 4.0 


PC 


(1) 






100 


(e) 2.0 






40 


Example 23 


Reference example 12. 


(b) 2.0 


PC 


(1) 






100 


(f)1.0 








Example 24 


Reference example 13, 100 


(e) 0.6 


PC 


(1) 


46 


Example 25 


Reference example 14, 


(b)2.0 


AC 


(2) 






100 


(c) 2.0 








Example 26 


Reference example 15, 


(a) 0.3 


PC 


(1) 






100 


(c) 0.3 






SO 


Example 27 


Reference example 16, 


(b)1.5 


PC 


(1) 






100 


(c) 0.5 








Example 28 


Reference example 17. 


(a) 1.0 


PC 


(1) . 


55 




100 


(d) 0.2 
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Table 7 



Comparative example 


Polymer (parts) 


Surfactant 


Matrix 


Curing 
condition 


Comparative example 
4 


rieTerence oAaiiiiJio lot 
100 


(b) 3.0 


PC 


(1) 


(d\ 1 0 


Comparative example 
5 


neTerence example i»i 
100 


(a) 2.0 


AC 


(2) 


(c; J.U 


Comparative example 6 


Reference example 6U, i w 


(B) 3.0 


PC 


(1) 


Comparative example 
7 


Reference example 21, 
100 


(0} 1 .U 


PC 


(1) 


^d) 2 0 


Comparative example 

Q 
O 


Reference example 22. 
100 


(h\ OS 


PC 


(1) 


(c) 3.0 


Comparative example 
9 


Reference example 23, 

100 


(a) 1.0 


PC 


(1) 


(c)1.0 


Comparative example 
10 


Reference example 24. 
100 


(a) 0.2 


PC 


(1) 


(c) 0.2 


Comparative example 11 


Reference example 8, 100 




PC 


(1) 


Comparative example 12 


Reference example 13. 100 




PC 


(1) 



The marks used in the above Tables 6 and 7 have the following nr^eanlngs. 



Surfactants 



S : ^"f^oxyethylene octylphenyi ether sold by Nippon Oil and Fats Co.. Ltd. under the trademark of 
Nonion HS-210 

(c) : Newrex R 

(d) : Rapisol B-80 

(e) : Cation AB 

(f) : Anon BP 

f\/latrix 

PC : polycarbonate 
''^ AC : poiymethyl methacrylate 



Curing condition 



(1) : at 120* C for 30 minutes 
^ (2) * at 80* C for 60 minutes .. 

The physical properties of the coating films obtained under the above described conditons were 
evaluated and judged by the following evaluation methods. The obtained results are shown In Tables 8-11. 



(1) Expiration test: 

A coating film formed In a constant temperature room kept at 20* C was breathed upon, and the fogged 
state of the film was judged by the naked eye. 



24 



EP 0 339 909 A2 



® : Rim surface is not at all fogged. 

O : Water drops spread instantaneously on the film surface. 

A : Film surface is somewhat fogged 

X : Rim surface is wholly fogged. 



(2) 40' C Steam test: 



TO 



75 



20 



A coating film formed In a constant temperature kept at 20* C was exposed to the vapor of wami water 
kept at 40' C. and a lapse of time until the coating film began to be fogged was measured. 

(3) 60 *C Steam test 

A coating film famed in a constant temperature room kept at 20* C was exposed to the vapor of warm 
water kept at 60 ' C. and a lapse of time until the coating film began to be fogged was measured. 

(4) Water resistance (anti-fogging property): 

After a coating film was immersed in water kept at 30' C for 24 hours, the coating film was air-dried, 
and then the dried film was subjected to the above described expiration test 



25 (5) Adhesion: 

On the surface of a coating film were formed 100 crosscut pieces, which reached the "^f fr^^^-J^V "^^^^^ 
of a cutter knife, and a cellophane adhesive tape (sold by Nichiban Co.. ^^'\^^f^^ ^?lnd?S 
coating film, and then the crosscut coating film was peeled off from the mafrix ,n a <^!^fl^^^^^^^ 
30 to the direction of the adhering interface between the film and the matrix. The adhesion of the coating fiirn 
wJ^expSJby the number of crosscut pieces of the coating film remaining on the matrix surface without 
peeling off therefrom. 

35 (6) Heat resistance: 

After a coating film was left to stand for 1 .000 hours in an incubator kept at 80 " C. the above described 
adhesion test was effected. 



40 



45 



55 



(7) Water resistance (adhesion): 

After a coating film was immersed in wami water kept at 70* c for 200 hours, the coating film was air- 
dried, and then the dried film was subjected to the above described adhesion test. 



(8) Hardness: 



A pencil scratch test was effected according to JIS K 5400. 
50 O : equal to or harder than the hardness 2H of lead pencil 
X : softer than the hardness 2H of lead pencil 



(9) Water resistance (strength of coating film): 

After a coating film was immersed In water kept at 30' C for 24 hours, the appearance of the film was 
observed and judged by the naked eye. 
O : no change in the appearance 
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The appearance was somewhat charged. 

Tabled 





Antl-fogging property 




txpirauon 
lest 


Af\ * ct StAam test 


60* C Steam test 


Water 
resistance 


Example 18 


® 


at (east 5 hours 


at least 5 hours 


A 


Example 19 


O 


at least 5 hours 


at least 5 hours 


A 


Example 20 


O 


at least 5 hours 


at least 5 hours 


0 


Example 21 


® 


at least 5 hours 


at least 5 hours 


A 


Example 22 


® 


at least 5 hours 


at least 5 hours 


A 


Example 23 


® 


at least 5 hours 


at least 5 hours 


A 


Example 24 


o 


at least 5 hours 


at least 5 hours 


O 


Example 25 


® 


at least 5 hours 


at least 5 hours 


A 




® 


at least 5 hours 


at least 5 hours 


0 


example ^/ 


® 


at least 5 hours 


at least 5 hours 


A 


cxaiTipio 


® 


at least 5 hours 


at least 5 hours 


0 




Table 9 


CXotTipia 


Adhesion 


Strength oi 


coating film 


Original 
state 


Heat 
resistance 


Water 
resistance 


Hardness 


Water 
resistance 


Example 18 


(a) 


(a) 


(a) 


O 


0 


Example 19 


(a) 


(a) 


(a) 


O 


O 


Example 20 


(a) 


(a) 


(a) 


o 


0 


Example 21 


(a) 


(a) 


(a) 


o 


0 


Example 22 


(a) 


(a) 


(a) 


o 


0 


Example 23 


(a) 


(a) 


(a) 


o 


0 


Example 24 


(a) 


(a) 


(a) 


o 


o 


Example 25 


(a) 


(a) 


(a) 


o 


0 


Example 26 


(a) 


(a) 


(a) 


o 


o 


Example 27 


(a) 


(a) 


(a) 


o 


o 


Example 28 


(a) 


(a) 


(a) 


o 


o 
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Table 10 



Comparative example 


Anti-fogging property 


Expiration 
test 


40* C Steam test 


60 'C Steam test 


Water 
resistance 


Comparative example 4 


A 


3 hours 


2 hours 


X 


Comparative example 5 




2 hours 


1 hour 


X 


Comparative example 6 


® 


at least 5 hours 


4 hours 


A 


Comparative example 7 


® 


at least 5 hours 


4 hours 


X 


Comparative example 8 


® 


at least 5 hours 


4 hours 


A 


Comparative example 9 


0 


at least 5 hours 


at least 5 hours 


A 


Comparative example 10 


O 


4 hours 


3 hours 


A 


Comparative example 11 


X 


just after 


just after 


X 


Comparative example 12 


X 


just after 


just after 


X 




Table 11 




Comparative example 


Adhesion 


Strength o1 


coating film 


Original 
state 


Heat 
resistance 


Water 
resistance 


Hardness 


Water 

resistance 


Comparative example 4 


(a) 


(a) 


(a) 


O 


O 


Comparative example 5 


(a) 


(a) 


(a) 


O 


O 


Comparative example 6 


(a) 


(d) 


(d) 


o 


O 


Comparative example 7 


(a) 


(a) 


(a) 


X 


X 


Comparative example 8 


(b) 


(d) 


(d) 


o 


O 


Comparative example 9 


(c) 


(d) 


(d) 


o 


o 


Comparative example 10 


(b) 


(d) 


(d) 


o 


0 


Comparative example 11 


(a) 


(a) 


(a) 


0 


o 


Comparative example 12 


(a) 


(a) 


(a) 


0 


o 



The marks used in the above described Tables 8-11 have the following meanings. 



Adhesion test 

(a) : 100/100 

(b) : 30/1 00 

(c) : 15/100 

(d) : 0/100 

Reference examples 25-34 



(Production of blodc copolymers) 
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Into a reactor equipped with a thermometer, a stirrer and a reflux cooler was charged 230 parts of 
methyl cellosolve. and while Introducing nitrogen gas into the reactor and heating the reaction system at 
72*c, a mbced solution consisting of 



10 



15 



methyl cellosolve : 

glycidyl methacrylate or N-methylolacrylamide : 
hydroxyaikyi (meth)acryiate : 

a monomer selected from acrylamlde. N-monomethylacrylamide. 
N.l^dimethylacrylamide, acryloylmorpholine and 
N-vinylpyrroIidone : 
and 

fCO(CH2)4COO(C2H40)3(CO(CH2)4COOO}io : 



100 

parts 
A 

parts 
B 

parts 
C 

parts 



20 
parts 



was charged into the reactor In 2 hours, and further a polymerization reaction was effected for 2 hours. 
20 Then, a mixed solution consisting of 



methyl cellosolve : 


285 parts 


lower alkyi (meth)acrylate : 


D parts 


and 




{meth)acrylic acid : 


E parts 



was charged Into the reactor in 30 minutes, and further a polymerization reaction was effected at 75 C for 
hours. The numerical values of the above described parts of A E are shown In Tables 12 and 13 together 
^ with the results of the polymerization reactions. 



35 



Reference examples 35-40 



(Production of graft copolymers) 



Into a reactor equipped with a thermometer, a stirrer and a reflux cooler was charged 230 parts of 
methyl cellosolve. and while introducing nitrogen gas into the reactor and heating the reaction system at 
^ 85* C. a mixed solution consisting of 



50 



55 



PerbutyiO: 

t-butylperoxy methacryloyloxyethyl cariaonate used as a radically 
copolymerizable organic peroxide : 
methyl cellosolve : 

glycidyl (meth)acrylate or N-methylolacrylamide : 

hydroxyaikyi {meth)acryiate : 

and 

a monomer selected from acrylamide. N-monomethylacrylamide, 
N,N-dlmethylacrylamlde, acryloylmorpholine and 
N-vlnylpynrolidone : 



2.3 
parts 

6.0 
parts 

100 
parts 
A 

parts 
B 

parts 



was charged into the reactor in 2 hours, and further a polymerization reaction was effected for 7 hours, 
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Then, the reaction solution was healed up to 110" C. and a mixed solution consisting of 



methyl cellosoive : 


285 parts 


lower alkyi (meth)acrylate : 


0 parts 


and 




(meth)acrylic acid : 


E parts 



was charged Into the reactor in 30 minutes, and further a polymerization reaction was effected at IJO" C for 
10 7 hours to produce a graft copolymer. The numerical values of the above described parts of A-E and the 
results of the polymerization reactions are shown In Table 13. 



TS 



20 



25 



00 



35 



40 



45 



50 



Reference examples 41*44 



(Production of random copolymers) 

Into a reactor equipped with a thermometer, a stirrer and a reflux cooler was charged 230 parts of 
methyl cellosoive, and while introducing nitrogen gas into the reactor and heating the reaction system at 
85 ' C. a mixed solution consisting of 



Perbutyl 0 : 
methyl cellosoive : 

giycidyl (meth)acrylate or N-methylolacrylamide : 

hydroxyalkyi (meth)acrylate : 

a monomer selected from acrylamide, N-monomethylacrylamide, 
N.N-dimethyiacrylamide, acryloylmorphollne and 
N-vinylpyrroIidone : 
lower alkyI (meth)acrylat8 : 

and 

(meth)acryilc acid : 



was charged Into the reactor in 3 hours, and further a polymerization reaction was effected for 7 hours. The 
numerical values of the above described parts of A-E and the results of the polymerization reactions are 
shown in Table 13. 



55 
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Table 12 



5 



10 



75 



20 



25 



30 



Reference 

example 


25 


26 


27 


28 


29 


30 


31 


32 


33 


34 


A 


(1) 


6 


- 


- 


9 


18 


■ 


12 




9 


30 


(2) 


- 


12 


25 


• 




6 




25 






B 


(3) 


90 


- 




78 


* 




66 






80 


(4) 


- 


66 


• 




55 


" 




43 






(5) 


- 


- 


43 


- 


■ 


90 






78 




C 


(6) 


4 


- 


- 




■ 


4 










(7) 


- 


22 


- 


■ 






22 








(8) 


- 


- 


32 


- 


* 






32 






(9) 








13 










13 




(10) 




— 


_ 




27 




- 






10 


D 


(11) 


85 


- 


- 


76 


- 




67 


- 




40 


(12) 




67 






60 






50 






(13) 






50 






85 






76 




E 


(14) 


15 




50 




40 




33 




24 




(15) 




33 




24 




15 




50 




60 


Solid c 

m 


content 


26 


26 


26 


26 


26 


26 


26 


26 


26 


26 


Viscosity " 


6 


6 


7 


7 


5 


5 


4.5 


9 


3.5 


7 



35 



40 



45 



SO 
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Table 13 



5 



16 



20 



25 



30 



Reference 
example 


35 


36 


37 


38 


39 


40 


41 


42 


43 


44 


A 


(1) 


18 


- 


12 


- 


9 


- 


6 


• 


12 


- 


(2) 


- 


6 


- 


25 


■ 


6 


- 


12 


- 


25 


B 


(3) 


- 


- 


66 


- 


- 


14 


90 


- 


66 


- 


(4) 


55 




- 


43 


- 


- 


- 


66 


- 


43 


(5) 


- 


90 


- 


- 


78 


- 


- 


- 


- 


- 


C 


(6) 


27 


- 


- 


- 


- 


80 


4 


- 


- 


- 


(7) 


- 


4 


- 


- 


- 


- 


- 


22 


- 


- 


(8) 


- 


- 


22 


- 


- 


- 


- 


- 


22 


- 




- 


- 


- 


32 


- 


- 


- 


- 


- 


32 


(10) 


- 


- 




- 


13 










■ 


D 


(11) 






fi7 






85 


85 




67 




(12) 


60 






50 








67 


- 


50 


(13) 




85 






76 












E 


(14) 


40 




33 




24 




15 




33 




(IS) 




15 




50 




15 




33 




50 


Solid ( 


:ontent 


25 


25 


25 


25 


25 


25 


25 


25 


25 


25 


Viscosity " 


5 


4.5 


4 


3 


6 


6 


4 


4 


3.5 


3 



The marks used in the above described Tables 12 and 13 have the following meanings. 

(1) : glycidyl (meth)acrylate 

(2) : N-methylolacrylamide 

(3) : 2-hydroxyethyl methacrylate 

(4) : 2-hydroxyethyl acrylate 

(5) : 2-hydroxypropyl methacrylate 

(6) : acrylamide 

(7) : N-monomethylacrylamide 

(8) : N.N-dimethylacrylamlde 

(9) : N-acryioylmorpholine 

(10) : N-vinylpynrolldone 

(11) : methyl methacrylate 

(12) : ethyl acrylate 

(13) : ethyl methacrylate 

(14) : methacryiic acid 

(15) : acrylic acid 

•: solid content (% by weight) 
viscosity (P)at25'C 



Examples 29-47 and Comparative examples 13-22 

A polymer produced in Reference examples 25-44 was compounded with a surfactant shown in Tables 
14-16 and the resulting coating composition was applied on a polyester film (trademarK: Polyethylene 
Terephthalate Rim E-51D1, sold by T o"y o"B ©"seki Co.. Ltd.). and the applied composition was heated and 
cured under a condition shown in Tables 14-16. The resulting coating film fonned on the polyester film was 
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subjected to various tests shown in Tables 17-19. 

Table 14 



5 


CAOlTipiO 


Polymer (parts) 


Surfactant 
(parts) 


Heating condition 
for. film fonnation 




Example 29 


Reference example 25. 100 


(a) 7.0 


150*C, 2mln. 


10 


Example 30 


Reference example 26. 


(b) 10.0 


130'C,2mfn. 




100 


(g) 1-0 






Example 31 


Reference example 27, 


(c) 6.0 


130'C. 2min. 






100 


(g) 1.0 




IS 


Example 32 


Reference example 28. 100 


(d) 8.0 


150'C, 2mln. 




Example 33 


Reference example 29, 100 


(e) 4.0 


150'C, 2min. 




Example 34 


Reference example 30, 


(f)7.0 


120*C, 3mln. 


20 




100 


(9)10 






Example 35 


Reference example 31, 100 


(a) 10.0 


170* C, 1 min. 




example od 


Reference example 32. 


(b) 10.0 


150' C. 1 min. 






100 


(g)i.o 




25 


example 0/ 


Reference example 33. 100 


(0 5.0 


190* C. 30 sec. 




example 00 


Reference example 35, 100 


(d) 5.0 


160*0, 1 min. 


30 




Table 15 






Example 


Polymer (parts) 


Surfactant 
(parts) 


Heating condition 
for film formation 


35 


Example 39 


Reference example 36. 


(e) 5.0 


140* C.I min. 






100 


(9)1.0 






Example 40 


Reference example 37. 100 


(f)5.0 


150'C, 2min. 


40 


Example 41 


Reference example 25, 100 


(e) 3.0 


170* C, 1 min. 




Example 42 


Reference example 26. 


(d) 3.0 


140*0,1 min. 






100 


(9)1.0 




4S 


Example 43 


Reference example 27, 


(c) 15.0 


150*0. 1 min. 






100 


(9)1.0 






Example 44 


Reference example 38. 


(h) 12.0 


120* 0.3 min. 






100 


(9)1.0 




SO 


Example 45 


Reference example 39. 100 


(k) 8.0 


170* C. 1 min. 




Example 46 


Reference example 38. 


(b) 2.0 


130'0. 2min. 






100 


(i) 9.0 




55 


Example 47 


Reference example 39. 


(d)1.0 


150*0, 2 min. 






100 


(i) 10.0 
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Table 16 



w 



IS 



20 



25 



Comparative example 


Polymer (parts) 


Surfactant 
(parts) 


Heating condition 
for film formation 


Comparative example 13 


Reference example 34. 100 


(d)7.0 


150'C, 2min. 


Comparative example 14 


Reference example 40, 
100 


(b) 3.0 


130 C.2min. 


(9)1.0 


Comparative example 15 


Reference example 41, 100 


(a) 7.0 


150*C. 2min. 


Comparative example 16 


Reference example 42, 
100 


(b) 10.0 


130*C, 2min. 


(9)1.0 


Comparative example 1 7 


Reference example 43, 100 


(e) 3.0 


170 C. 1 min. 


Comparative example 18 


Reference example 44, 
100 


(h) 12.0 


120'C.3min. 




Comparative example 19 


Reference example 34. 100 


(f) 7.0 


170*0, 1 min. 


Comparative example 20 


Reference example 40, 

100 


(c) 6.0 


120*0. 3 min. 


(g) 1.0 


Comparative example 21 


Reference example 39, 100 




170* C, 1 min. 


Comparative example 22 


Reference example 41, 100 




150* C, 2 min. 



The marks of the surfactants used in the above described Tables 14-16 have the following meanings. 

(a) : Nonion S-4 
30 (b) : Nonion NS-212 

(c ) : Newrex R 

(d) : Raplsol B-80 
(de) : Cation AB 
(f) : Anon BF 

" S • 'S^:^^io^opy^e condensate (tradema,.: Pluronlc F-BS. sold by Asahl Denka K o-gy 

«^%lySiethylene nonylphenyl ether (trademark: Noigen EA.120. sold by Dainchl Kogy TSelyaku Co.. 

40 lir- dialkyi sulfosucdnate (trademark: Neocol SW. sold by DaHChI Kogy o-Seiyaku Co.. Ltd.. 
(k) : stearyl betaine (trademark: Blstar MS. sold by Matsumoto Yushi Co.. Ltd.) 



46 



50 



55 



33 



EP 0 339 909 A2 



Table 17 
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Strength of 
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Comparative example 


1 Comparative example 13 


1 Comparative example 1 4 


1 Comparative example 1 5 


1 Comparative example 16 


1 Comparative example 17 ' 


1 Comparative example 18 


1 Comparative example 19 


1 Comparative example 20 


1 Comparative example 21 


Comparative example 22 
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The marte used in the above described Tables 17-19 have the following meanings. 

(1) : A coating film formed in a constant temperature room kept at 20 C was breathed upon, and the wetted 
state of the coating film was obsewed and judged by the naked eye. ^ ^ u 

(2) • A coating film formed in a constant temperature room kept at 20 C was honzontally arranged above 
5 warm water, kept at 60* C. so as to be exposed to the vapor of the warm water, and after the coating film 

was left to stand for 1 minute, the wetted state of the film was obsen^ed and judged by the naked eye. 

(3) • A coating film formed in a constant temperature room kept at 20 C was perpendlculariy arranged 
under a tightly closed state on warm water, kept at 60* C. so as to be exposed to the vapor of the warm 
water, and the durability of the anti-fogging property of the coating film was judged by a lapse of time until 

10 the film began to be fogged. . 

(4) • A coating film formed in a constant temperature room kept at 20 C was immersed in water kept at 
30* C for predetemiined times, taken out from the water every predetemiined times, and air-dried, and then 
after the coating film was breathed upon, the fogged state of the film was observed and judged by the 
naked eye. 

75 (5) : after 1 hour 

(6) : after 3 hours 

(7) : after 10 hours . „„. _ , . 
B) • The surface of a coating film formed in a constant temperature room kept at 20 C was crosscut by 
means of a cutter knife, a celtophane tepe (sokJ by Nichiban Co.. Ltd.) was stuck to the crosscut coating 
film the crosscut film was peeled off from the matrix In a direction perpendicular to that of the adhenng 
Interface between the crosscut film and the matrix, and the peeled state of the crosscut film from the matnx 
was obseroed and judged by the naked eye. , ^ , ^ , . » 
(9) • After coating film formed in a constant temperature room kept at 20 C was immersed in water kept 
30* C for 10 hours, the coating film was taken out from the water and mbbed with a finger, and the cracked 
state and the peeled state of the film from the substrate were obsereed and judged by the naked eye. 

The estimation and judging standard of the performance of ttw coating film is as foltows. 
® : utteriy nothing unusual 
O : substantially notMng unusual 
iSi : somewhat poor 
30 X : utterly poor 

bistanteneous : A coating film begins to be fogged simultaneously with the starting of the judging operaUon. 

As described above, it has been proved that the anti-fogging resin film-forming composition of the 
present invention can form a coating film having high durability of anti-fogging property, high strength and 
high adhesion in well-balanced state. On the contrary, a coating composition using a block or graft 
36 copolymer having a compositton outside the range speclfically limited In the present invention or using a 
random copolymer is poor in any one of the above described 3 properties, and is unsatisfactory In the 
perfomiance as an anti-fogging resin film-forming composition. 



40 Claims 

1 An anti-fogging resin film-fomiing composition, comprising at least one copolymer selected from 
bk3ck copolymers and graft copolymers, and a surfactant, each of said block copolymer and said graft 
copolymer consisting of a hydrophiUc polymer segment and a hydrophobic polymer segment 

45 2 An anti-fogging resin film-forming composition according to claim 1. wherein said block copolymer 
consists of a hydrophilic polymer segment and a hydrophobic polymer segment, said hydrophilic polymer 
segment being fomied of 1-40% by weight of at least one of N-substltuted or non-substituted (meth)- 
acrylamide-type compounds represented by the following general formula (I) or (II), 1-20% by weight of at 
teast one monomer selected from the group (referred to as Group A) consisting of monomers having a 

so crossfinkabie functional group of any one of glyddyl group. N-methylol group. N-methylolether group, 
carboxyl group and acid anhydride, and 40-98% by weight of at least one of hydrophilte monomers 
copolymerizable with the above described (meth)acrylamide-type compound and the monomer of the above 
described Group A. said hydrophobic polymer segment being formed of 1-40% by weight of at least one 
monomer selected from the monomers of Group A. and 60-89% by weight of at least one hydrophobic 

55 monomer copolymerizable with the monomer of Group A. the weight ratio of the hydrophilic polymer 
segment to the hydrophobic polymer segment being within the range of 50/50-95ffi. said general formula (I) 
being 

CH2 " CR1CONR2R3 
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wherein Ri and R2 represent hydrogen atoms or methyl, groups; and R3 represents hydrogen atom methyl 
group, ethyl group, n-propyl group, isopropyl group. N.N-dimethylaminopropyl group or -C^CHg)- 
2CH2COCHa, andsaid general formula (li) being 
CH2 = CRiCONjt 

wherein Ri represents hydrogen atom or methyl group: and A represents -(CH2)„- (wherein n is a positive 
Integer of 4 or 5) or -(CH2)2-0-(CH2)2-. . u. . u 

3. An anti-fogging resin-forming composition according to claim I,' wherein said btock or graft 
copolymer consists of a hydrophillc polymer segment formed of 6-25% by weight of a monomer of glycidyl 
{meth)acrylate or N-methylolacrylamide. 43-90% by weight of hydroxyalkyi (meth)acrylate. and 4-32% by 
weight of a monomer selected from the group consisting of acrylamide. N-monomethylacrylamide. N,N- 
dimethylacrylamide. N^cryloylmorpholine and N-vinylpyrrolldone. and a hydrophobic polymer segment 
formed of 50-85% by weight of lower alkyi {m8th)acrylale and 15-50% by weight of (meth)acrylic acid. 

4. An anti-fogging resin film-forming composition according to claim 1. wherein said surfactant Is 
nonlonic surfactant or anionic surfactant. 

75 5. An anti-fogging resin film-forming composition according to claim 1. wherein said surfactant is a 
combination of nonionic surfactant and anionic surfactant 

6. An anti-fogging resin Rlm-forming composition according to claim 1, which contains 0.1-10 parts by 
weight of the surfactant based on 100 parts by weight of the copolymer. 
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